Abstract Recently, four global geopotential models (GGMs) were computed and released based on the first 2 months of data collected by the Gravity field and steadystate Ocean Circulation Explorer (GOCE) dedicated satellite gravity field mission. Given that GOCE is a technologically complex mission and different processing strategies were applied to real space-collected GOCE data for the first time, evaluation of the new models is an important aspect. As a first assessment strategy, we use terrestrial gravity data over Switzerland and Australia and astrogeodetic vertical deflections over Europe and Australia as ground-truth data sets for GOCE model evaluation. We apply a spectral enhancement method (SEM) to the truncated GOCE GGMs to make their spectral content more comparable with the terrestrial data. The SEM utilises the high-degree bands of EGM2008 and residual terrain model data as a data source to widely bridge the spectral gap between the satellite and terrestrial data. Analysis of root mean square (RMS) errors is carried out as a function of (i) the GOCE GGM expansion degree and (ii) the four different GOCE GGMs. The RMS curves are also compared against those from EGM2008 and GRACE-based GGMs. As a second assessment strategy, we compare global grids of GOCE GGM and EGM2008 quasigeoid heights. In connection with EGM2008 error esti- mates, this allows location of regions where GOCE is likely to deliver improved knowledge on the Earth's gravity field. Our ground truth data sets, together with the EGM2008 quasigeoid comparisons, signal clear improvements in the spectral band ∼160-165 to ∼180-185 in terms of spherical harmonic degrees for the GOCE-based GGMs, fairly independently of the individual GOCE model used. The results from both assessments together provide strong evidence that the first 2 months of GOCE observations improve the knowledge of the Earth's static gravity field at spatial scales between ∼125 and ∼110 km, particularly over parts of Asia, Africa, South America and Antarctica, in comparison with the pre-GOCE-era.
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Introduction
The European Space Agency (ESA)'s Gravity field and steady-state Ocean Circulation Explorer (GOCE) is the firstever satellite mission that deploys dedicated gradiometry in space to produce homogeneous, highly accurate, near-global maps of the Earth's static gravity field (e.g., Rummel et al. 2002; Visser et al. 2002; Drinkwater et al. 2003) . The main objective of the GOCE mission is to deliver a gravity field model at the ∼1-2 cm accuracy level for geoid undulations and at the 1-2 mGal level for gravity anomalies (Rummel 2005) down to a target resolution of ∼100 km, which equates to degree ∼200 in terms of spherical harmonics. GOCE utilises space-borne gravity gradiometry in combination with Global Positioning System (GPS)-based highlow SST (satellite-to-satellite tracking) e.g., Rummel et al. Launched on 17 March 2009, GOCE is currently sensing the Earth's gravity field, and is expected to collect data until ∼2012. GOCE is complementary to previous satellite gravity field missions, such as the Gravity Recovery and Climate Experiment (GRACE; e.g., Reigber et al. 2005; Tapley et al. 2005) , which significantly improved the knowledge of the low-to medium-frequency constituents of the Earth's static gravity field. Because of the complementary character of the missions, GOCE augmented by GRACE in the lower frequencies is expected to provide an even better picture of Earth's global gravity field than GOCE alone (Pail et al. 2010a) .
Based on the first 2 months of GOCE observations, four GOCE-based global geopotential models (GGMs) were recently made available to the public via ESA (http:// www.esa.int) and the International Association of Geodesy's (IAG's) International Centre for Global Earth Model (ICGEMs, http://icgem.gfz-potsdam.de/ICGEM/). The four new models (Table 1 ) differ in their maximum spherical harmonic degree and computation method (i.e., the way GOCE observations were modelled and processed to yield the GGM coefficients). As a further difference, auxiliary data sets (e.g., information from GRACE GGMs) were used as augmentation to some of the models (described later). This poses the question of the relative performance of the new GGMs: how closely do they approximate Earth's global gravity field and in which spectral bands do they deliver improved information?
Evaluation strategies
Comparisons with independent gravity field functionals (as 'ground-truth') can be used to evaluate the performance of the new GOCE-based GGMs. Independent sources of gravity field information are, for instance, geoid undulations from GPS/levelling, gravity anomalies and astrogeodetic vertical deflections. The main problem with such comparisons is the different spectral content of the GGMs and terrestrial observations (e.g., Gruber 2009; Ihde et al. 2010) . Because the spatial resolution of GGMs is limited by their maximum degree, there is always an omission error (i.e., neglect of high-degree spectral content) in the GGM-derived functionals. In contrast, terrestrial observations contain the full spectral signal.
Therefore, GGM evaluation usually requires the data sets involved (GGM functionals and terrestrial observations) to be comparable in terms of spectral content. There are (at least) two different strategies to solve this problem. The application of the spectral enhancement method (SEM) for GOCE GGM validation with scattered groundtruth data is one subject of this paper. Low-pass filtering using methods such as spectral filters, Gaussian filters or least-squares collocation (LSC) may perform well when the terrestrial data is available in some suitable arrangement, for instance, profiles (e.g., Ihde et al. 2010), grids, or at densely scattered locations. However, low-pass filtering is a delicate task in the case of very irregularly or scarcely distributed stations, if possible at all. In contrast, the SEM (Sect. 2) can be used for GGM validation independent of the spatial distribution of the terrestrial data. This is an important advantage when using irregularly distributed ground truth observations as is often the case with GPS/levelling, terrestrial gravimetry or astrogeodetic vertical deflections.
Structure of this study
The present paper uses two complementary assessment techniques to evaluate the new GOCE-based GGMs. The first uses the SEM along with scattered terrestrial gravity over Switzerland and Australia and vertical deflection data over Europe and Australia (Sects. 2-4). The second compares global grids of EGM2008 and GOCE quasigeoid heights. Together with EGM2008 error estimates, world-wide insight into GOCE's performance is gained (Sect. 5).
The first assessment technique utilises observed groundtruth gravity and vertical deflections. Gravity observations (first radial derivatives of the disturbing potential) and vertical deflections (first horizontal derivatives of the disturbing potential) possess significant spectral power in the medium and high frequencies (Schwarz 1985; Jekeli 1999; Torge 2001, p 274) , so are useful complements to GGM evaluation using GPS/levelling points (Gruber 2009; Ihde et al. 2010; Gruber et al. 2011) . The two vertical deflection data sets are particularly valuable, as they are fully independent of any GGM used in this paper. The deflections can be used to investigate in which spectral windows the GOCE-based models provide new information on the Earth's gravity field in our test areas.
In addition to the four GOCE-based GGMs, we also include two GRACE-only GGMs and EGM2008 (Sect. 3), so as to identify improvements of the current knowledge of the Earth's gravity field coming from the new GOCE-based models. Analysis of the root mean square (RMS) residu-
